
(19) 3  

Europaisches  Pa ten tamt  

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  1 5 6   5 9 6  

A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  85301781.2 

©  Date  of  filing:  14.03.85 

©IntCI.4:  C  13  F  1 /02 
C  13  K  1/10 

©  Priority:  15.03.84  GB  8406734  @  Applicant:  TATE  &  LYLE  PUBLIC  LIMITED  COMPANY 
Sugar  Quay  Lower  Thames  Street 
London,  EC3R  6DQIGB) 

@  Date  of  publication  of  application: 
02.10.85  Bulletin  85/40  @  Inventor:  Shukla,  Dipak  Prabhulal 

48,  Northumberland  Avenue 
©  Designated  Contracting  States:  Reading  Berkshire(GB) 

AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE 
©  Inventor:  Sinclair,  Keith 

Xanadu  16,  Nursery  Road 
Paddock  Wood  Kent(GB) 

©  Inventor:  Smith,  Kevin  Alan 
17,  Coppice  Road  Woodley 
Reading  Bershire(GB) 

©  Representative:  Ablewhite,  Alan  James  et  al, 
MARKS  &  CLERK  57/60  Lincoln's  Inn  Fields 
London  WC2A  3LS(GB) 

@  Crystallisation  of  sugars. 
  Sugar  (sucrose  or  glucose)  is  crystallised  by  passing  a 
hot  supersaturated  syrup  to  a  continuous  screw  extruder 
such  that  progressive  nucleation  of the  syrup  is  induced  dur- 
ing  a  mean  residence  time  of  below  25  seconds  and  then 
discharging  the nucleated  syrup  onto  a  surface,  e.g.  a  con- 
veyor  belt, to  crystallise  without  agitation. 



T h i s   i n v e n t i o n   r e l a t e s   to  t he   c r y s t a l l i s a t i o n   o f  

s u g a r s   ( s u c r o s e   and  g l u c o s e )   by  t h e   p r o c e s s   g e n e r a l l y  

known  as  " t r a n s f o r m a t i o n " .  

The  c o n v e n t i o n a l   p r o c e s s   f o r   p r o d u c i n g   c r y s t a l l i n e  

s u c r o s e   i n v o l v e s   c h a r g i n g   a  h o t ,   c o n c e n t r a t e d   s y r u p   i n t o  

p a n s ,   d r a w i n g   a  v a c u u m   o v e r   t he   pans   and  e v a p o r a t i n g   a  

p r o p o r t i o n   of  t h e   w a t e r   f rom  the   s y r u p .   A  p o r t i o n   o f  

t h e   s u g a r   t h e n   c r y s t a l l i s e s   ou t   and  i s   s e p a r a t e d ,  

g e n e r a l l y   by  a  c e n t r i f u g e .   The  m o t h e r   l i q u o r   i s   t h e n  

r e c y c l e d   and  r e b o i l e d   to  p r o d u c e   a n o t h e r   c r o p   of  s u g a r  

c r y s t a l s .   T h i s   p r o c e s s   may  be  r e p e a t e d   a  number   o f  

t i m e s .   A l t h o u g h   an  e x t r e m e l y   p u r e   s u g a r   is   p r o d u c e d   i n  

t h e   f i r s t   c r o p ,   s u b s e q u e n t   c r o p s   a r e   of  d e c r e a s i n g  

p u r i t y .   M o r e o v e r   t h e   p r o c e s s   is  v e r y   s l o w   and  c o m p l e x  

and  has   o t h e r   d i s a d v a n t a g e s ,   in  p a r t i c u l a r   t h a t   i t   c a n  

g e n e r a l l y   o n l y   be  o p e r a t e d   i n  a   b a t c h w i s e   f a s h i o n .  

O t h e r   p r o c e s s e s   have   been   p r o p o s e d   and  o p e r a t e d  

w h i c h   a r e   b a s e d   on  t h e   p h e n o m e n o n   known  a s  

t r a n s f o r m a t i o n .   In  t r a n s f o r m a t i o n ,   a  s u p e r s a t u r a t e d  

s y r u p   is  n u c l e a t e d   and  t h e n   c r y s t a l l i z e d   u n d e r  

c o n d i t i o n s   w h e r e   t h e   h e a t   e v o l v e d   in   t h e   e x o t h e r m i c  

c r y s t a l l i s a t i o n   b o i l s   o f f   t he   r e m a i n i n g   w a t e r   to  g i v e   a  



s u b s t a n t i a l l y   d r y   c r y s t a l l i n e   p r o d u c t .   C o m m e r c i a l l y  

v i a b l e   p r o c e s s e s   of  t h i s   t y p e   l o o s e l y   f a l l   i n t o   t w o  

c a t e g o r i e s   w h i c h   a r e   t y p i f i e d   by  t h e   f o l l o w i n g   t w o  

p a t e n t e d   p r o c e s s e s .  

B r i t i s h   P a t e n t   S p e c i f i c a t i o n   N o . 1   460  614  and  U . S .  

P a t e n t   S p e c i f i c a t i o n   No .3   972  725  ( T a t e   &  L y l e   L i m i t e d )  

d e s c r i b e   a  c o n t i n u o u s   p r o c e s s   in   w h i c h   t h e   s y r u p   i s  

c a t a s t r o p h i c a l l y   n u c l e a t e d   and  i m m e d i a t e l y   d i s c h a r g e d  

i n t o   a  c r y s t a l l i s a t i o n   z o n e .   The  c a t a s t r o p h i c  

n u c l e a t i o n   i s   a c h i e v e d   by  s u b m i t t i n g   t h e   s y r u p   to   a  

s h e a r   f o r c e   h a v i n g   a  v e l o c i t y   g r a d i e n t   of  a t   l e a s t  

5 , 0 0 0   c m / s e c / c m ,   more   g e n e r a l l y   a t   l e a s t   1 0 , 0 0 0   or  e v e n  

2 0 , 0 0 0   c m / s e c / c m .   Such   s h e a r   f o r c e   c an   be  a p p l i e d   b y  

a p p a r a t u s   in   t h e   f o r m   of  a  c o l l o i d   m i l l   or  h o m o g e n i s e r  

in   w h i c h   t h e   r e s i d e n c e   t i m e   is   e x t r e m e l y   s h o r t ,   e . g .  

f r o m   0 . 0 0 0 1   to   0 . 5   s e c o n d .   The  e m e r g i n g   s y r u p   i s   t h e n  

c r y s t a l l i s e d ,   u s u a l l y   on  a  m o v i n g   b a n d ,   w h e r e   t h e   w a t e r  

b o i l s   o f f   m a i n t a i n i n g   t h e   c r y s t a l l i s i n g   m a t e r i a l   a t   a  

r e l a t i v e l y   c o n s t a n t   t e m p e r a t u r e   and  y i e l d i n g   a  

s u b s t a n t i a l l y   d r y   p r o d u c t .   A  r e l a t e d   p r o c e s s   i s  

d e s c r i b e d   in   B r i t i s h   P a t e n t   S p e c i f i c a t i o n   2 0 7 0 0 1 5 B   a n d  

U . S . P a t e n t   S p e c i f i c a t i o n   4  342  603  ( T a t e  &   L y l e   P u b l i c  

L i m i t e d   C o m p a n y ) ,   a p p l i e d   to   t h e   c r y s t a l l i s a t i o n   o f  

g l u c o s e .   As  in   t h e   p r e v i o u s l y   m e n t i o n e d   p a t e n t ,   a  

s u p e r s a t u r a t e d   s y r u p ,   in   t h i s   c a s e   a t   l e a s t   65% 

s u p e r s a t u r a t e d   and  of  s o l i d s   c o n t e n t   g r e a t e r   t h a n   95%,  

i s   s u b j e c t e d   to   a  s u b s t a n t i a l l y   i n s t a n t a n e o u s   s h e a r  



f o r c e   and  t h e n   a l l o w e d   to  c r y s t a l l i s e   on  a  b e l t .   As  

b e f o r e ,   t h e   v e l o c i t y   g r a d i e n t   d u r i n g   s h e a r   i s   a b o u t   8 0 0 0  

to  3 0 , 0 0 0   c m / s e c / c m   in  a  c o l l o i d   m i l l   or  u p t o   a b o u t  

3 , 0 0 0   c m / s e c / c m   u s i n g   a  r e s t r i c t e d   n o z z l e .   The  p r o d u c t  

is   a  d r y   m i c r o c r y s t a l l i n e   g l u c o s e   m a t e r i a l   c o n t a i n i n g   a t  

l e a s t   70%  by  w e i g h t   of  g l u c o s e   in  t h e   A - f o r m .  

B o t h   of  t h e s e   p r o c e s s e s   have   p r o v e d   e x t r e m e l y  

s u c c e s s f u l ,   b u t   one  p r o b l e m   can   a r i s e   w i t h   t h e m :  

b e c a u s e   t h e   n u c l e a t i o n   i s   c o m p l e t e d   in   s u c h  a   s h o r t  

t i m e ,   i t   i s   s o m e t i m e s   d i f f i c u l t   to   c o n t r o l   t h e   p r o c e s s  

to  p r e v e n t   r a p i d   c r y s t a l l i s a t i o n   b l o c k i n g   t h e   o u t l e t  

f r o m   t h e   n u c l e a t i o n   z o n e .  

U .S .   P a t e n t   S p e c i f i c a t i o n   No.3   365  331  ( M i l l e r ,  

a s s i g n e d   t o - t h e   A m e r i c a n   S u g a r   Company)   and  U .S .   P a t e n t  

S p e c i f i c a t i o n s   4  338  350  &  4  362  757  ( A m s t a r )   d e s c r i b e   a  

t r a n s f o r m a t i o n   p r o c e s s   f o r   s u c r o s e   i n v o l v i n g   i m p a c t  

b e a t i n g   of  t h e   c o n c e n t r a t e d   s u c r o s e   s y r u p   w i t h   f u l l  

c r y s t a l l i s a t i o n   in   t he   same  b e a t i n g   z o n e .   The  p r o c e s s  

i n v o l v e s   t h e   u s e   of  a  " b e a t e r   c r y s t a l l i s e r "   s u c h   as  t h e  

s o - c a l l e d   T u r b u l i z e r   m a n u f a c t u r e d   by  t h e   S t r o n g - S c o t t  

M a n u f a c t u r i n g   C o m p a n y ,   M i n n e a p o l i s .   U . S . A .   T h e  

a p p a r a t u s   c o n s i s t s   of  a  c y l i n d e r   p r o v i d e d   w i t h   r o t a t i n g  

b l a d e s   or  p a d d l e s   w h i c h   a r e   run   a t   s u f f i c i e n t   s p e e d   t o  

" i m p a c t "   t h e   s y r u p   r a t h e r   t h a n   j u s t   s t i r   i t .   In  o r d e r  

to  p r e v e n t   o v e r h e a t i n g   of  t he   s y r u p ,   and  to  c a r r y   a w a y  

w a t e r   v a p o u r ,   a  f o r c e d   gas   f l o w   is   p r o v i d e d .   In  t h i s  



p r o c e s s   t h e   s h e a r i n g   and  b e a t i n g   i s   c a r r i e d   o u t  

t h r o u g h o u t   t h e   c r y s t a l l i s a t i o n   p e r i o d ,   so  t h a t   t h e  

p r o d u c t   e m e r g i n g   f r o m   t h e   a p p a r a t u s   i s   a  s o l i d i f i e d  

c r y s t a l l i n e   m a t e r i a l .   N a t u r a l l y ,   t h e   p r o c e s s   i n v o l v e s  

t h e   i n p u t   of  c o n s i d e r a b l e   a m o u n t s   of  e n e r g y   and  h a s  

p r o b l e m s   r e l a t e d   to   t e m p e r a t u r e   c o n t r o l .   H o w e v e r ,   a s  

d e s c r i b e d   in   U . S .   3  365  331  ( c o l u m n   9 ) ,   t h e  

i n c o r p o r a t i o n   of  " o t h e r   a d d i t i v e   m a t e r i a l s   w h i c h   m a y  

h a v e   a  f o o d   v a l u e   or  a  t a s t e   v a l u e   or  a  c o l o u r   v a l u e   o r  

a  m e d i c i n a l   v a l u e   and   t h e   l i k e *   i s   d e s c r i b e d   and  t h i s  

p r o c e s s , d o e s   l e n d   i t s e l f   to  t h e   a d d i t i o n   of  s u c h  

m a t e r i a l s   d u r i n g   t h e   t r a n s f o r m a t i o n   s t e p .  

T h i s   i s   in   c o n t r a s t   to  t h e   i n s t a n t a n e o u s   n u c l e a t i o n  

t y p e   of  p r o c e s s ,   e . g .   u s i n g   a  c o l l o i d   m i l l ,   w h e r e   i t   i s  

d i f f i c u l t   to   i n c o r p o r a t e   o t h e r   a d d i t i v e   m a t e r i a l s   w h i c h  

a r e   p a r t i c u l a t e ,   f o r   e x a m p l e   m i l l e d   n u t s   and  c o c o a .  

S i m i l a r l y ,   g l u c o s e   has   b e e n   c r y s t a l l i s e d   b y  

c o n t i n u o u s   w o r k i n g   and  k n e a d i n g .   US  P a t e n t  

S p e c i f i c a t i o n   N o . 3 , 1 9 7 , 3 3 8   of  H u r s t   e t   a l . ,   a s s i g n e d   t o  

A . E . S t a l e y   M a n u f a c t u r i n g   Company  d i s c l o s e s   a  p r o c e s s   i n  

w h i c h   a  g l u c o s e   s y r u p   i s   c r y s t a l l i s e d   in   a  m i x e r   o r  

b l e n d e r   s u c h   as  t h e   K o - K n e a d e r   m a n u f a c t u r e d   in   USA  b y  

t h e   B a k e r - P e r k i n s   Company  w h i c h   c o m p r i s e s   a  s i n g l e  

r e c i p r o c a t i n g   worm  s c r e w   and  f i x e d   p r o j e c t i o n s   on  t h e  

m a c h i n e   c a s i n g .   T y p i c a l l y   t h e   s y r u p   i s   k n e a d e d   f o r  

s e v e r a l   m i n u t e s ,   w i t h   c o o l i n g ,   to   i n d u c e   n u c l e a t i o n   a n d  



s u b s e q u e n t   c r y s t a l l i s a t i o n   of  t h e   g l u c o s e .   The  e m e r g i n g  

p a r t i a l l y   c r y s t a l l i n e   m a t e r i a l   is   t h e n   r a p i d l y   c o o l e d   o n  

a  b e l t   to  p r e v e n t   d e g r a d a t i o n   and  f u r t h e r  

c r y s t a l l i s a t i o n ,   t h e   r e m a i n i n g   m o l t e n   s y r u p   s e t t i n g   as  a  

s o l i d   g l a s s .   The  m a t e r i a l   is   t h e n   g r o u n d   to  t h e  

r e q u i r e d   s i z e   bu t   c o n t a i n s   o n l y   a b o u t   5 0  -   70% 

c r y s t a l l i n e   g l u c o s e .  

A n o t h e r   g l u c o s e   c r y s t a l l i s a t i o n   p r o c e s s   is   d i s c l o s e d  

and  c l a i m e d   in  GB  2 0 7 7 2 7 0 B   of  CPC  I n t e r n a t i o n a l   I n c .   I n  

t h i s   p r o c e s s ,   s t a r c h   h y d r o l y s a t e   i s   c o n c e n t r a t e d   t o  

a b o u t   92-99%  s o l i d s   and  i s   t h e n   s i m u l t a n e o u s l y   c r u s h e d  

and  mixed   w h i l e   i t   c r y s t a l l i s e s   w h i l e   c o o l i n g .  

R e s i d e n c e   t i m e s   in   t h e   s h e a r i n g   and  c r u s h i n g   m a c h i n e   a r e  

on  a v e r a g e   a b o u t   2  to  3  m i n u t e s   a l t h o u g h   t i m e s   of  up  t o  

1  hour   a r e   m e n t i o n e d   d u r i n g   the   w h o l e   of  w h i c h   t ime   t h e  

m a t e r i a l   is   b e i n g   g r o u n d   and  mixed   u n t i l   a  p a r t i c u l a t e  

c r y s t a l l i n e   mass   i s   o b t a i n e d .   The  p r o d u c t   i s   t h e n  

f u r t h e r   m i l l e d .  

T h e s e   p r o c e s s e s   a r e   c l o s e l y   r e l a t e d   to  t h e  

a b o v e - m e n t i o n e d   s u c r o s e   c r y s t a l l i s a t i o n   p r o c e s s   of  US 

P a t e n t   3  365  331.   s i n c e   t h e y   a l l   i n v o l v e   t h e   c o n t i n u o u s  

b e a t i n g ,   c r u s h i n g   or  k n e a d i n g   of  t h e   mass   d u r i n g   t h e  

w h o l e   of  t he   c r y s t a l l i s a t i o n   w h i c h   o c c u r s ,   o v e r   a  p e r i o d  

of  s e v e r a l   m i n u t e s ,   and  a l s o   t he   s i n c e   t h e y   need   t o  

c o n t r o l   t he   t e m p e r a t u r e   d u r i n g   t he   b e a t i n g   p r o c e s s .  



T h e r e   r e m a i n s   a  need   f o r   a  r a p i d ,   e a s y   to  c o n t r o l  

c r y s t a l l i s a t i o n   p r o c e s s   w h i c h   d o e s   n o t   i n v o l v e   h i g h  

e n e r g y   i n p u t s ,   bu t   w h i c h   can   be  r u n   c o n t i n u o u s l y   r a t h e r  

t h a n   in   a  b a t c h - w i s e   mode  and  w h i c h   e n a b l e s   t h e  

i n c o r p o r a t i o n   of  i n g r e d i e n t s   s u c h   as  n u t   p r o d u c t s   a n d  

c o c o a . .  

In  d e v e l o p i n g   t h e   p r o c e s s   of  B r i t i s h   P a t e n t  

N o . 1   460  614 ,   t h e   N i c o l   p r o c e s s ,   we  h a v e   a t t e m p t e d   t o  

o v e r c o m e   t h e   d i s a d v a n t a g e s   m e n t i o n e d   a b o v e .   A  r e v i e w   o f  

t h e   a r t   s u g g e s t e d   t h a t   t h e s e   two  a b o v e - m e n t i o n e d   t y p e s  

of  p r o c e s s   r e p r e s e n t   t h e   o n l y   e f f e c t i v e   p o s s i b i l i t i e s .  

W i t h   t h e   N i c o l   p r o c e s s   i t   a p p e a r e d   to  be  e s s e n t i a l   t o  

have   c a t a s t r o p h i c   n u c l e a t i o n ,   i . e .   to  n u c l e a t e   t h e   s y r u p  

as  f a s t   as   p o s s i b l e   and  to  d i s c h a r g e   i t   f rom  t h e  

r e s t r i c t e d   n u c l e a t i o n   zone   v i r t u a l l y   i n s t a n t a n e o u s l y ,   i n  

o r d e r   to   p r e v e n t   o v e r h e a t i n g   and  h e n c e   s u g a r   d e g r a d a t i o n  

and  b l o c k a g e   c a u s e d   by  s o l i d i f i c a t i o n .   C o n v e r s e l y ,  

g r a d u a l   n u c l e a t i o n   and  c r y s t a l l i s a t i o n   in   t h e   f o r m  

a d o p t e d   by  t h e   A m e r i c a n   S u g a r   C o . ( M i l l e r )   p r o c e s s   m e a n t  

t h a t   t h e   m i x t u r e   mus t   be  k e p t   m o v i n g   t h r o u g h o u t   t h e  

p r o c e s s   to   p r e v e n t   i t   s e t t i n g   s o l i d   in  t h e   e q u i p m e n t ,  

and  t h u s   i n v o l v e d   v i g o r o u s   i m p a c t   b e a t i n g   and  c o o l i n g .  

I t   t h u s   a p p e a r e d   i m p o s s i b l e   to  " s l o w   down"  t he   N i c o l  

p r o c e s s   w i t h o u t   i m p l e m e n t i n g   t h e   b e a t i n g   and  c o o l i n g  

t e c h n i q u e s   of  t h e   M i l l e r   p r o c e s s .  



H o w e v e r ,   we  have   s u r p r i s i n g l y   now  f o u n d   t h a t   a  m o r e  

c o n t r o l l e d ,   p r o g r e s s i v e   n u c l e a t i o n   can  be  e f f e c t e d   b y  

t h e   u s e   of  c e r t a i n   t y p e s   of  a p p a r a t u s   w h i c h   s t i l l   e n a b l e  

t h e   n u c l e a t e d   s y r u p   to  be  d i s c h a r g e d   b e f o r e   s u b s t a n t i a l  

c r y s t a l l i s a t i o n   has   o c c u r r e d ,   b u t   a t   t he   same  t i m e  

p e r m i t   t h e   a d d i t i o n   of  e x t r a   m a t e r i a l s .  

A c c o r d i n g   to  t h i s   i n v e n t i o n   we  p r o v i d e   a  p r o c e s s   f o r  

t h e   c r y s t a l l i s a t i o n   of  s u c r o s e   or  g l u c o s e   f r o m   a  

s u p e r s a t u r a t e d   s u g a r   s y r u p   in   w h i c h   the   s y r u p   i s  

s u b j e c t e d   to  s h e a r   in   an  u n c o o l e d   n u c l e a t i o n   zone   t o  

i n d u c e   n u c l e a t i o n   of  t h e   s y r u p ,   t h e   s y r u p   i s   d i s c h a r g e d  

f rom  s a i d   n u c l e a t i o n   zone   b e f o r e   s u b s t a n t i a l  

c r y s t a l l i s a t i o n   has  t a k e n   p l a c e ,   and  t he   s y r u p   i s  

t h e r e a f t e r   a l l o w e d   to  c r y s t a l l i z e   w i t h o u t   a g i t a t i o n ,  

c h a r a c t e r i z e d   in  t h a t   s h e a r   is   p r o v i d e d   by  a  c o n t i n o u s  

s c r e w   e x t r u d e r   s u c h   t h a t   p r o g r e s s i v e   n u c l e a t i o n   of  t h e  

s y r u p   i s   i n d u c e d ,   t he   s y r u p   h a v i n g   an  a v e r a g e   r e t e n t i o n  

t i m e   t h e r e i n   of  b e l o w   25  s e c o n d s   a t   a  t e m p e r a t u r e   of  1 1 5  

to  1 4 5  ° C   f o r   s u c r o s e   and  1 0 0  -   135°C  f o r   g l u c o s e .  

By  t he   t e r m   c o n t i n u o u s   s c r e w   e x t r u d e r ,   we  mean  a  

m i x i n g   and  m i l l i n g   m a c h i n e   of  t h e   t y p e   h a v i n g   one  o r  

m o r e ,   p r e f e r a b l y   two,   r o t a t i n g   s c r e w   m e m b e r s  

( A r c h i m e d e a n   s c r e w s )   of  c o n s t a n t   or  v a r i e d   p i t c h .   I n  

t h e s e   m i x e r s ,   t h e   i n c o m i n g   m a t e r i a l   is  e n t r a i n e d   a n d  



c o m p r e s s e d   in   t h e   s p a c e s   b e t w e e n   t h e   s c r e w   b l a d e s   a n d  

t h e   c a s i n g   a n d ,   in   t h e   c a s e   of  a  t w i n   s c r e w   m a c h i n e ,  

b e t w e e n  t h e   two  i n t e r m e s h i n g   s c r e w   b l a d e s .   T h e  

p i t c h e s   o f  t w o   s c r e w s   may  be  in   p a r a l l e l   or  o p p o s e d ,  

d e p e n d i n g   on  w h e t h e r   t h e   s c r e w s   c o - r o t a t e   o r  

c o u n t e r - r o t a t e ,   b o t h   v e r s i o n s   b e i n g   w e l l   known  in  t h e  

p l a s t i c s   m i l l i n g   f i e l d .   For   e x a m p l e ,   t h e s e   m a c h i n e s   a r e  

u s e d   to  m i l l   P . V . C   b e f o r e   e x t r u s i o n .   T y p i c a l   m a c h i n e s  

a r e   p r o d u c e d   by  B a k e r   P e r k i n s   and  i n c l u d e   the   GP,  MP  a n d  

MPF  s e r i e s .   O t h e r   s u p p l i e r s   of  t h i s   t y p e   of  e q u i p m e n t  

i n c l u d e   W e r n e r   &  P f l e i d e r e r .   S t u t t g a r t ,   and  Le  C r e u s o t ,  

L o i r e .   One  p a r t i c u l a r l y   p r e f e r r e d   t y p e   of  e x t r u d e r   h a s  

a  t w i n   s c r e w   s y s t e m   w i t h   two  s i d e - b y - s i d e   s c r e w s  

c o - r o t a t i n g   and  i n t e r m e s h i n g   in   a  " b a r r e l " .   The  s c r e w s  

e a c h   c o m p r i s e   a  l o n g i t u d i n a l   s h a f t   ( e . g .   of  10 :1   to   1 5 : 1  

l e n g t h  :   d i a m e t e r )   on  w h i c h   a r e   d i s p o s e d   s e c t i o n s   o f  

s c r e w ,   f o r   e x a m p l e   of  a b o u t   25  mm  p i t c h   and  50  mm 

d i a m e t e r ,   and  s e c t i o n s   of  u n p i t c h e d   p e r p e n d i c u l a r  

" b l a d e s "   or  ' l e n s ' - s h a p e d   a g i t a t o r s   a r r a n g e d   t o  

c o o p e r a t e   in   p a i r s ,   one  on  e a c h   s h a f t .   T h e s e   b l a d e s   a r e  

g e n e r a l l y   a  p o i n t e d   o v a l   in   s h a p e ,   c e n t r e d   on  t he   s h a f t ,  

and  may  be,   f o r   e x a m p l e ,   a b o u t   1 2 - 1 3   mm  t h i c k   and  50  mm 

in   d i a m e t e r .   A  t w i n - s c r e w   s y s t e m   is   p r e f e r r e d   f o r  

v a r i o u s   r e a s o n s .   The  h e a t - t r a n s f e r   i s   b e t t e r   as  a l l   t h e  

m a t e r i a l   i s   c o n t i n u o u s l y   moved  f r o m   t h e   i n t e r i o r   b e t w e e n  

t h e   s h a f t s   to   t h e   e x t e r i o r   ( i . e .   t h e   i n n e r   b a r r e l  

s u r f a c e ) ,   t h u s   l e a d i n g   to  a  more  c o n s i s t e n t   i n t e r n a l  



t e m p e r a t u r e .   The  t r a n s p o r t   i s   by  p o s i t i v e   d i s p l a c e m e n t  

and  d o e s   no t   r e l y   on  v i s c o u s   f r i c t i o n   b e t w e e n   t he   b l a d e s  

and  b a r r e l   and  t h e   m a t e r i a l .   The  power   c o n s u m p t i o n   i s  

a b o u t   h a l f   t h a t   r e q u i r e d   f o r   a  s i n g l e   s c r e w   s y s t e m ,  

t y p i c a l l y   4 0 0 - 6 0 0   k j / k g   as  o p p o s e d   to   9 0 0 - 1 5 0 0   k j / k g .  

F u r t h e r m o r e   t h e   power   i s   d i s s i p a t e d   in   many  s m a l l   s h e a r  

f o r c e s   r a t h e r   t h a n   in  l a r g e   s h e a r   f o r c e s ,   t h u s   a i d i n g  

t he   r a p i d   n u c l e a t i o n   r e q u i r e d .  

The  B a k e r   P e r k i n s   MPF50D,  f o r   e x a m p l e   has   a  s h a f t  

d i a m e t e r   of  50mm,  an  o v e r a l l   p a s s a g e   l e n g t h   of  a b o u t  

750mm  and  has   v a r i o u s   e n t r y   p o r t s   a l o n g   i t s   l e n g t h .   T h e  

d r i v e   m o t o r   i s   l o c a t e d   a t   t h e   end  away  f r o m   w h i c h   t h e  

c o n t e n t s   t r a v e l .   C o n v e n i e n t l y   t h e   s y r u p   i s   pumped  i n  

t h r o u g h   a  p o r t   a b o u t   340  mm  a l o n g   and  o t h e r   a d d i t i v e s  

a r e   a d d e d   t h r o u g h   p o r t s   600mm  or  720mm  a l o n g .   W a t e r  

v a p o u r   can   be  r e m o v e d   f rom  a  p o r t   n e a r   t h e   mo to r   e n d ,  

e . g .   a b o u t   90mm  a l o n g .  

A  m a c h i n e   of  t h i s   t y p e ,   o p e r a t i n g   a t   a  t y p i c a l  

r o t a t i o n   s p e e d   of  100  to  500 ,   e . g .   a b o u t   300  to  4 0 0 ,  

r e v . m i n . - l   can   p r o v i d e   a  s u f f i c i e n t   n u c l e a t i o n   in  a  

mean  r e t e n t i o n   t i m e   f o r   t h e   s y r u p   of  b e l o w   25  s e c o n d s ,  

t y p i c a l l y   b e l o w   15,  e . g .   2 - 1 1 ,   s e c o n d s .  

H a v i n g   p a s s e d   t h r o u g h   a  s h e a r   zone   w h e r e   i t  

n e g o t i a t e s   t he   i n t e r s t i c e s   of  t h e   s c r e w s   and  b l a d e s   o r  



a g i t a t o r s   of  t h e   e x t r u d e r ,   t h e   s y r u p   t h e n   p a s s e s   o n t o   a  

m o v i n g   b a n d ,   o p t i o n a l l y   a f t e r   f i r s t   p a s s i n g   t h r o u g h   a  

r e l a t i v e l y   q u i e s c e n t .   n o n - a g i t a t e d   zone   of  t he   e x t r u d e r  

d u r i n g   w h i c h   no  f u r t h e r   n u c l e a t i o n   o c c u r s   b u t  

c r y s t a l l i s a t i o n   of  t h e   n u c l e a t e d   s y r u p   c o m m e n c e s .  

We  f i n d   t h a t   u n d e r   t h e s e   c o n d i t i o n s ,   t h e  

s u p e r s a t u r a t e d   s y r u p   i s   s u f f i c i e n t l y   t h o r o u g h l y   a n d  

u n i f o r m l y   n u c l e a t e d   to   c r y s t a l l i s e   r a p i d l y   a n d  

s u b s t a n t i a l l y   c o m p l e t e l y   on  b e i n g   d i s c h a r g e d   o n t o   a  

m o v i n g   b a n d ,   bu t   n o t   so  f a s t   t h a t   s u b s t a n t i a l  

c r y s t a l l i s a t i o n   has   o c c u r r e d   b e f o r e   t h e   s y r u p   i s  

d i s c h a r g e d .  

The  f e e d s t o c k   f o r   t h e   p r o c e s s   s h o u l d   be  a  

s u p e r s a t u r a t e d   s u c r o s e   s y r u p ,   t y p i c a l l y   of  9 0 - 9 5 °   B r i x .  

N a t u r a l l y ,   t h e   l o w e r   t h e   w a t e r   c o n t e n t   of  t h e   s y r u p ,   t h e  

e a s i e r   i t   i s   to  o b t a i n   a  d r y   p r o d u c t ,   a l t h o u g h   t h e   w a t e r  

c o n t e n t   of  t h e   f i n a l   p r o d u c t   can   be  l a r g e l y   c o n t r o l l e d  

by  t h e   d e g r e e   of  b o i l i n g   o c c u r r i n g   in   t h e   c r y s t a l l i s i n g  

m a t e r i a l   d i s c h a r g e d   f r o m   t h e   n u c l e a t i o n   z o n e .   W i t h   a  

s y r u p   of  t h e   a b o v e   c o n c e n t r a t i o n ,   w o r k i n g   a t   a  

t e m p e r a t u r e   of  1 2 5 - 1 5 0 ° C ,   i t   i s   p o s s i b l e   to  o b t a i n   a  

d r y ,   f r i a b l e   s o l i d   w i t h   an  o p e n   s t r u c t u r e   and  h a v i n g   a  

m o i s t u r e   c o n t e n t   of  a b o u t   4%  by  w e i g h t .   A l t e r n a t i v e l y   a  

s u p e r s a t u r a t e d   g l u c o s e   s y r u p ,   t y p i c a l l y   9 5 - 9 9 °   B r i x ,   c a n  

be  u s e d .   W i t h   g l u c o s e   l i t t l e   w a t e r   i s   l o s t   d u r i n g   t h e  



a c t u a l   c r y s t a l l i s a t i o n .   F u r t h e r   m o i s t u r e   can   be  r e m o v e d  

f r o m   e i t h e r   p r o d u c t   by  t h e   u s e   of  m e a n s ,   e . g .   a  

c o n v e n t i o n a l   r o t a r y   d r i e r ,   i f   d e s i r e d .  

As  e x p l a i n e d   a b o v e ,   t h e   c r y s t a l l i s a t i o n   o c c u r s  

o u t s i d e   t h e   n u c l e a t i o n   z o n e ,   and  p r e f e r a b l y   on  a  m o v i n g  

b a n d .   We  have   f o u n d   t h a t ,   e s p e c i a l l y   w i t h   s u c r o s e ,   t h e  

l o a d i n g   of  t h e   band  i s   i m p o r t a n t   as  i t   is   n e c e s s a r y   f o r  

t he   h e a t   l o s s e s   by  r a d i a t i o n   and  c o n d u c t i o n   to  b e  

b a l a n c e d   by  t h e   e x o t h e r m i c   c r y s t a l l i s a t i o n   s u c h   t h a t   t h e  

t e m p e r a t u r e   of  t he   m a t e r i a l   on  t he   b e l t   d o e s   n o t   f a l l  

b e l o w   a  c e r t a i n   c r i t i c a l   t e m p e r a t u r e   d e p e n d i n g   on  t h e  

q u a l i t y   and  c o n c e n t r a t i o n   of  t h e   s y r u p .   In  a  p r o c e s s   o f  

t h i s   t y p e ,   c o m p l e t e   c r y s t a l l i s a t i o n   o c c u r s   by  v i r t u e   o f  

t he   f a c t   t h a t   t h e   w a t e r   i s   d r i v e n   o f f .   I t   i s   t h u s  

i m p o r t a n t   t h a t   t he   t e m p e r a t u r e   of  t he   c r y s t a l l i s i n g  

magma  d o e s   n o t   d r o p   b e l o w   t h e   b o i l i n g   p o i n t   of  t h e   w a t e r  

in  t h e   s y r u p .   In  f a c t ,   u n d e r   o p t i m u m   c o n d i t i o n s ,   t h e  

c r y s t a l l i s i n g   magma  b e c o m e s   a g i t a t e d   by  t he   b o i l i n g  

w a t e r   v a p o r   e s c a p i n g   f r o m   t h e   s o l i d i f y i n g   m a s s .  

The  n u c l e a t e d   s y r u p   l e a v i n g   t he   n u c l e a t i o n   zone   is  a  

c r e a m y   f r o t h y   l i q u i d   and  i s   c o n v e n i e n t l y   d i s c h a r g e d  

d i r e c t l y   o n t o   a  m o v i n g   b e l t ,   in   p a r t i c u l a r   a  r u b b e r   o r  

s t e e l   b a n d .   Under   s u c h   c i r c u m s t a n c e s   t he   l o a d i n g   on  t h e  

b e l t   is   p r e f e r a b l y   f r o m   6  to   15  kg  m-2.  m o s t  

p r e f e r a b l y   a b o u t   10  kg  m-2.   C r y s t a l l i s a t i o n   of  t h e  



s o l i d i f y i n g   magma  o c c u r s   d u r i n g   a  p e r i o d   of  a b o u t   0 . 5   t o  

10  m i n u t e s ,   p r e f e r a b l y   a b o u t   2  to   3  m i n u t e s ,   a f t e r   w h i c h  

t h e   p r o d u c t   is   a  f r i a b l e   s o l i d   of  open   s t r u c t u r e   a n d ,   i n  

t h e   c a s e   of  s u c r o s e . t h e   m a j o r i t y   of  t h e   r e s i d u a l  

m o i s t u r e   has   b e e n   d r i v e n   o f f .   A  f u r t h e r   p e r i o d   on  t h e  

b e l t   a l l o w s   f o r   c o o l i n g   and  h a r d e n i n g   of  t h e   m a t e r i a l .  

In  o r d e r   t h a t   t h e   c r y s t a l l i s a t i o n   p r o c e e d s   r a p i d l y   a n d  

t h o r o u g h l y ,   i t   i s   i m p o r t a n t   t h a t   t h e   s y r u p / m a g m a   i s   n o t  

a l l o w e d   to   c o o l   t o o   r a p i d l y :   c e r t a i n l y   no  a c t u a l  

c o o l i n g   s t e p s   s h o u l d   be  t a k e n .   C o o l i n g   d u r i n g   t h e  

c r y s t a l l i s a t i o n ,   in   f a c t ,   h a l t s   c r y s t a l l i s a t i o n   a n d  

l e a d s   to   a  g l a s s y ,   l e s s - c r y s t a l l i n e   p r o d u c t .  

The  p r o d u c t   o b t a i n e d   f r o m   t h e   band  c a n  b e   e a s i l y  

g r a n u l a t e d   to   a  r e q u i r e d   p a r t i c l e   s i z e   and  f u r t h e r   d r i e d  

to  g i v e   a  f r e e - f l o w i n g   s u g a r   p r o d u c t   w h i c h   i s   g r a n u l a r  

and  w h i c h   can   r e a d i l y   be  d i s p e r s e d   and  d i s s o l v e d   i n  

w a t e r .   I t   h a s ,   h o w e v e r ,   an  a t t r a c t i v e   c r u n c h y   t e x t u r e ,  

p a r t i c u l a r l y   s u i t e d   f o r   u s e   in   c o n f e c t i o n e r y ,   e . g .   i n  

c h o c o l a t e   b a r s .   O t h e r   i n g r e d i e n t s   may  t h e n   be  c o m b i n e d  

w i t h   t h e   p r o d u c t   a t   t h i s   s t a g e ,   in  a d d i t i o n   to  o r  

i n s t e a d   of  t h e   a d d i t i o n   of  i n g r e d i e n t s   to  t h e   s y r u p   i n  

t h e   e x t r u d e r .  

A l t e r n a t i v e l y ,   t h e   c a k e   on  t h e   band  may  be  c u t   o r  

f o r m e d   i n t o   s h a p e s ,   e . g .   c o n f e c t i o n e r y   b a r s ,   s u i t a b l e  

f o r   c o a t i n g   w i t h   c h o c o l a t e   e t c .  



As  i n d i c a t e d   a b o v e ,   i t   is   an  a d v a n t a g e   of  t h e  

p r o c e s s   a c c o r d i n g   to  t h i s   i n v e n t i o n ,   t h a t   o t h e r  

i n g r e d i e n t s   can  be  i n c o r p o r a t e d   in  t h e   s y r u p   b e i n g  

n u c l e a t e d ,   so  as  to  p r o v i d e   a  g r a n u l a r   s u g a r   p r o d u c t  

c o n t a i n i n g   the   s a i d   i n g r e d i e n t .   T y p i c a l   i n g r e d i e n t s  

i n c l u d e   f i n e l y   g r o u n d   or  c h o p p e d   n u t s   i n c l u d i n g   p e a n u t  

p u r e e ,   c o c o a   and  c h o c o l a t e   p r o d u c t s ,   b r a n ,   f r u i t  

f l a v o u r i n g s ,   p e c t i n ,   m a l t   and  so  on.  I n . g e n e r a l ,   t h e  

o t h e r   i n g r e d i e n t   may  be  a d d e d   a t   any  l e v e l   up  to  a b o u t  

50-65%  by  w e i g h t ,   p r e f e r a b l y   up  to  a b o u t   40-45%  b y  

w e i g h t .   A l t e r n a t i v e l y ,   e v e n   h i g h e r   a m o u n t s   m i g h t   b e  

a d d e d   to  p r o d u c e   a  d i f f e r e n t   t y p e   of  p r o d u c t   in  w h i c h  

t h e   s u g a r   is  a  m i n o r ,   e v e n l y   d i s p e r s e d   c o m p o n e n t   in  a n  

o v e r a l l   a g g l o m e r a t i o n .   A l t e r n a t i v e l y ,   or  in  a d d i t i o n ,  

i t   is   d e s i r a b l e   to  add  f i n e l y   d i v i d e d   s u g a r ,   f o r   e x a m p l e  

t h e   ' f i n e s '   o b t a i n e d   a f t e r   g r a n u l a t i o n   and  s i e v i n g   o f  

t h e   p r o d u c t   of  t h e   p r o c e s s .   T h i s   m a t e r i a l   m i g h t   a c t   a s  

a d d i t i o n a l   s e e d   f o r   t h e   c r y s t a l l i s a t i o n ,   b u t  

n e v e r t h e l e s s   i t s   a d d i t i o n   does   no t   c a u s e   any  i n c r e a s e   i n  

t h e   d e g r e e   of  c r y s t a l l i s a t i o n   of  t h e   e m e r g i n g   s l u r r y :  

t h a t   is  to  s a y ,   t he   d e g r e e   of  c r y s t a l l i n i t y   i s  

e f f e c t i v e l y   e q u a l   to  t he   p r o p o r t i o n   of  t h e   a d d e d  

c r y s t a l l i n e   s u g a r .   For   e x a m p l e ,   a  p a r t i c u l a t e   m a t e r i a l  

b e l o w   a b o u t   710u  can   be  s e p a r a t e d   f rom  t h e   g r a n u l a t e d  

p r o d u c t   and  r e t u r n e d   to  t h e   e x t r u d e r   a t   a  l e v e l   o f ,   s a y .  

10-30%  or  even   up  to  50%  by  w e i g h t .  



A c c o r d i n g   to   a  f u r t h e r   f e a t u r e   of  t h e   p r e s e n t  

i n v e n t i o n   t h e r e   i s   p r o v i d e d   a p p a r a t u s   f o r   p r o d u c i n g  

c r y s t a l l i n e   s u g a r   c o m p r i s i n g   m e a n s ,   i n c l u d i n g   a n  

e v a p o r a t o r ,   f o r   s u p p l y i n g   s u p e r s a t u r a t e d   s y r u p   a t   t h e  

s t a t e d   t e m p e r a t u r e ,   a r r a n g e d   to  s u p p l y   t h e   s y r u p   to   a  

p r e f e r a b l y   t w i n - s c r e w   e x t r u d e r   and  a  c o n v e y o r   b e l t  

a r r a n g e d   to   c o l l e c t   c r y s t a l l i s i n g   s y r u p   e m e r g i n g   f r o m  

t h e   e x t r u d e r   and  to  c o n v e y   i t   a t   a  s u b s t a n t i a l l y  

c o n s t a n t   t e m p e r a t u r e   w h i l e   c r y s t a l l i s a t i o n   p r o c e e d s .  

The  f o l l o w i n g   e x a m p l e s   i l l u s t r a t e   t h e   i n v e n t i o n  

f u r t h e r .  

E x a m p l e   1  

A  s u g a r   s y r u p   c o n t a i n i n g   85-87%  s u c r o s e   w a s  

e v a p o r a t e d   to   a  s u p e r s a t u r a t e d   s y r u p   of  a b o u t   93°  B r i x  

a t   a b o u t   1 3 0 - 1 4 5 ° C ,   t y p i c a l l y   a b o u t   1 3 8 ° C .   The  s y r u p  

was  t h e n   pumped   to  a  B a k e r   P e r k i n s   MP50  t w i n - s c r e w  

e x t r u d e r   w i t h   c o - r o t a t i n g   s c r e w s   of  a  1 5 : 1  

l e n g t h : d i a m e t e r   r a t i o   and  50  mm  d i a m e t e r   a n d  

s h a f t - d r i v e n   a g i t a t o r s   and  s c r e w s .   The  f l o w   r a t e   w a s  

a d j u s t e d   so  t h a t   t he   s y r u p   was  n u c l e a t e d   and  b e g i n n i n g  

to  c r y s t a l l i s e   as  i t   e m e r g e d   f r o m   t h e   a g i t a t i o n   z o n e  

( r e s i d e n c e   t i m e   a b o u t   2-8   s e c o n d s ) .   I t   was  t h e n   l e d  

d i r e c t l y   o n t o   a  m o v i n g   s t e e l   band   and  a l l o w e d   t o  



c r y s t a l l i s e   w i t h o u t   s u b s t a n t i a l   t e m p e r a t u r e   d r o p .   W a t e r  

b o i l e d   o f f   d u r i n g   t he   p e r i o d   on  t h e   b a n d .   T h e  

s o l i d i f i e d   c r y s t a l l i n e   mass  was  t h e n   c o o l e d   and  b r o k e n  

up  and  g r a n u l a t e d .   A  f r i a b l e ,   " c r u n c h y "   p r o d u c t   w a s  

o b t a i n e d .  

E x a m p l e   2 

D e x t r o s e   m o n o h y d r a t e   was  d i s s o l v e d   in   w a t e r   to  g i v e  

a  40%  s o l i d s   s o l u t i o n .   T h i s   was  e v a p o r a t e d   to  a b o u t  

97.5%  s o l i d s   in   two  c o n t i n u o u s   s t a g e s   by  u s i n g   p l a t e  

h e a t   e x c h a n g e r s   and  vacuum  s e p a r a t o r s .   A  l i q u o r  

t e m p e r a t u r e   of  87°C  a t   83%  s o l i d s   was  o b t a i n e d   a t   t h e  

f i r s t   s t a g e .   A  l i q u o r   t e m p e r a t u r e   of  a r o u n d   107°C  a t  

97.8%  s o l i d s   was  o b t a i n e d   a t   t he   s e c o n d   s t a g e .   T h e  

e v a p o r a t e d   l i q u o r   was  pumped  c o n t i n u o u s l y   i n t o   t h e  

e x t r u d e r   u s e d   in  E x a m p l e   1  w h e r e   i t   was  c o n t i n u o u s l y  

a g i t a t e d   and  d i s c h a r g e d ,   o n t o   a  m o v i n g   band  w h e r e  

c r y s t a l l i s a t i o n   o c c u r r e d   w i t h i n   4-6  m i n u t e s .   T h e  

r e s i d e n c e   t i m e   in   t h e   e x t r u d e r   a t   a  d i s c h a r g e   f l o w   r a t e  

of  1 .0   k g / m i n   was  b e t w e e n   3 -15   s e c o n d s   w i t h   a  s c r e w  

r o t a t i o n   s p e e d   of  300  r e v . m i n - 1 .   The  p r o d u c t  

c o n t a i n e d   2.2%  w a t e r   and  was  a t   l e a s t   75%  c r y s t a l l i n e .  

I t   was  b r o k e n   up  i n t o   p i e c e s   and  g r a n u l a t e d .  



E x a m p l e   3 

The  p r o c e s s   of  E x a m p l e   1  was  m o d i f i e d   as  f o l l o w s .  

B r a n   was  f e d   to   t h e   f i r s t   i n l e t   p o r t   on  t h e   m i x e r  

( f u r t h e s t   f r o m   d i s c h a r g e   e n d )   by  means   of  a  

s c r e w f e e d e r .   The  b r a n   f e e d   r a t e   was  v a r i e d   to  g i v e   t h e  

d e s i r e d   l e v e l   (20%  by  w e i g h t ) .   The  e v a p o r a t e d   s u c r o s e  

l i q u o r   was  d i s c h a r g e d   a t   131°C  i n t o   t h e   s e c o n d   i n l e t  

p o r t   on  t h e   m i x e r .   The  b r a n   and  s u c r o s e   we re   m i x e d ,  

b l e n d e d   and   a g i t a t e d   w h i l e   b e i n g   c o n v e y e d   to  t h e  

d i s c h a r g e   end  of  t h e   m i x e r ,   t h e   r e s i d e n c e   t i m e   b e i n g  

b e t w e e n   3  and   15  s e c o n d s .   The  mix  was  d i s c h a r g e d   o n t o   a  

m o v i n g   b a n d   a t   124°C  w i t h   an  i n i t i a l   m o i s t u r e   c o n t e n t   o f  

6 .3%.   C r y s t a l l i s a t i o n   on  t h e   band   p r o d u c e d   a  c a k e  

w i t h i n   3 - 6  m i n u t e s   w h i c h   was  t h e n   g r a n u l a t e d   t h r o u g h   a  5 

mm  s c r e e n .   The  p r o d u c t   had  a  m o i s t u r e   c o n t e n t   o f  4 . 2 % ,  

o w i n g   to   w a t e r   l o s s   on  t h e   b a n d .   The  g r a n u l a t e d  

m a t e r i a l   was  t h e n   r o t a r y   d r i e d   and  s i e v e d   to  a  1 - 2 . 5 m m  

s i z e ,   to   g i v e   a  f i n a l   m o i s t u r e   c o n t e n t   of  2 . 1 % .  

E x a m p l e   4  Raw  S u q a r  

A  67%  s o l u t i o n   of  raw  s u g a r   and  w a t e r   was  e v a p o r a t e d  

up  to   83%  s o l i d s .   T h i s   s y r u p   was  t h e n   e v a p o r a t e d   a n d  

h e a t e d   to   1 3 7 . 8 ° C   by  p a s s i n g   t h r o u g h   a  p l a t e   h e a t  

e x c h a n g e r ,   b e f o r e   b e i n g   d i s c h a r g e d   i n t o   t h e   e x t r u d e r  

p o r t   s i t u a t e d   34cm  f r o m   t h e   m o t o r   end .   The  w a t e r   v a p o u r  

was  r e m o v e d   f r o m   t h e   e x t r u d e r   a t   a  p o r t   s i t u a t e d   9cm 

f r o m   t h e   m o t o r   e n d ,   l e a v i n g   a  s u g a r   s y r u p   b e t w e e n   90  a n d  



95%  s o l i d s .   The  e x t r u d e r   was  run   a t   400  r e v . m i n - 1   t o  

d i s c h a r g e   a  foamy   s y r u p   o n t o   a  m o v i n g   c r y s t a l l i s a t i o n  

b e l t   a t   a  r a t e   of  8 8 k g / h r .   The  s y r u p   r a p i d l y  

t r a n s f o r m e d   and  was  g r a n u l a t e d   a f t e r   3  m i n u t e s .   T h e  

p r o d u c t   was  p u t   t h r o u g h   a  r o t a r y   d r i e r   and  c l a s s i f i e d .  

The  m o i s t u r e   c o n t e n t   of  t he   p r o d u c t   was  1 . 9 % .  

E x a m p l e   5  Raw  S u g a r   and  B r a n  

A  67%  s o l u t i o n   of  raw  s u g a r   and  w a t e r   was  e v a p o r a t e d  

up  to  83%  s o l i d s .   T h i s   s y r u p   was  e v a p o r a t e d   and  h e a t e d  

to  1 3 8 . 9 ° C   by  p a s s i n g   t h r o u g h   a  p l a t e   h e a t   e x c h a n g e r ,  

b e f o r e   b e i n g   d i s c h a r g e d   i n t o   t h e   e x t r u d e r   p o r t   s i t u a t e d  

34cm  f r o m   t h e   m o t o r   end .   The  w a t e r   v a p o u r   was  r e m o v e d  

f rom  t h e   e x t r u d e r   a t   a  p o r t   s i t u a t e d   9cm  f rom  t h e   m o t o r  

end ,   l e a v i n g   a  s u g a r   s y r u p   of  b e t w e e n   90  and  95% 

s o l i d s .   A  s i n g l e   s c r e w   s o l i d s   f e e d e r   f i t t e d  

p e r p e n d i c u l a r l y   to  t he   e x t r u d e r   a t   a  s i d e   p o r t   60cm  f r o m  

the   m o t o r   m e t e r e d   in  b r a n   a t   a  r a t e   of  3 7 . 7 k g / h r .   T h e  

e x t r u d e r   was  run   a t   400  r e v . m i n - 1   d i s c h a r g i n g   t h e  

s u g a r   and  b r a n   m i x t u r e   o n t o   t h e   m o v i n g   c o n v e y o r   b a n d ,  

w h e r e   i t   f o a m e d   and  the   s u g a r   c r y s t a l l i s e d .   T h e  

m a t e r i a l   was  g r a n u l a t e d   a f t e r   2  m i n u t e s ,   r o t a r y   d r i e d  

and  c l a s s i f i e d .   The  p r o d u c t   was  f r e e - f l o w i n g   a n d  

c r u n c h y   w i t h   a  b r a n   c o n t e n t   of  30%  and  a  m o i s t u r e  

c o n t e n t   of  2 . 6 % .  



E x a m p l e   6  C o c o a  

A  s u c r o s e   l i q u o r   c o n t a i n i n g   n o t   more  t h a n   0 . 3 %  

i n v e r t   and  0 .13%  a s h   a t   67%  s u c r o s e   s o l i d s   w a s  

e v a p o r a t e d   up  to  83%  s o l i d s .   T h i s   s y r u p   was  e v a p o r a t e d  

and  h e a t e d   to   1 3 5 . 3 ° C   by  p a s s i n g   t h r o u g h   a  p l a t e   h e a t  

e x c h a n g e r ,   b e f o r e   b e i n g   d i s c h a r g e d   i n t o   t h e   e x t r u d e r  

p o r t   s i t u a t e d   34cm  f r o m   t h e   m o t o r   end .   The  w a t e r   v a p o u r  

was  r e m o v e d   f rom  t h e   e x t r u d e r   a t   a  p o r t   s i t u a t e d   9cm 

f r o m   t h e   m o t o r   e n d ,   l e a v i n g   s u g a r   s y r u p   of  b e t w e e n   9 0  

and  95%  s o l i d s .   A  s i n g l e   s c r e w   s o l i d s   f e e d e r   f i t t e d  

p e r p e n d i c u l a r l y   to  t h e   e x t r u d e r   a t   a  s i d e   p o r t   60cm  f r o m  

t h e   m o t o r   m e t e r e d   in   c o c o a   a t   a  r a t e   of  22  k g / h r .   T h e  

e x t r u d e r   was  run   a t   400  r e v . m i n - 1   d i s c h a r g i n g   t h e  

s u g a r   and  c o c o a   m i x t u r e   o n t o   t h e   m o v i n g   c o n v e y o r   b a n d ,  

w h e r e   i t   f o a m e d   and  t h e   s u g a r   c r y s t a l l i s e d .   T h e  

m a t e r i a l   was  g r a n u l a t e d   a f t e r   2  m i n u t e s ,   r o t a r y   d r i e d  

and  c l a s s i f i e d .   The  p r o d u c t   was  f r e e - f l o w i n g   a n d  

c r u n c h y   w i t h   a  c o c o a   c o n t e n t   of  18%  and  a  m o i s t u r e  

c o n t e n t   of  1 . 4 % .  

E x a m p l e  7   P e a n u t   P a s t e  

A  s u c r o s e   l i q u o r   c o n t a i n i n g   no t   more  t h a n   0 . 3 %  

i n v e r t   and  0 .13%  a s h   a t   67%  s u c r o s e   s o l i d s   w a s  

e v a p o r a t e d   up  to  83%  s o l i d s .   T h i s   s y r u p   was  e v a p o r a t e d  

and  h e a t e d   to   135°C  by  p a s s i n g   t h r o u g h   a  p l a t e   h e a t  



e x c h a n g e r ,   b e f o r e   b e i n g   d i s c h a r g e d   i n t o   t he   e x t r u d e r  

p o r t   s i t u a t e d   34cm  f rom  t h e   m o t o r   end .   The  w a t e r   v a p o u r  

was  r e m o v e d   f rom  t he   e x t r u d e r   a t   a  p o r t   s i t u a t e d   9cm 

f r o m   t h e   m o t o r   e n d ,   l e a v i n g   a  s u g a r   s y r u p   of  b e t w e e n   9 0  

to  95%  s o l i d s .   A  wide   t h r o a t   m o n o - p u m p   c o n t a i n i n g  

p e a n u t   p a s t e   was  c o n n e c t e d   to  a  p o r t   s i t u a t e d   60cm  f r o m  

the   m o t o r   end  and  the   p a s t e   was  pumped  in  a t   a  r a t e   o f  

2 9 k g / h r .   The  e x t r u d e r   was  run   a t   400  r e v . m i n - 1 ,  

d i s c h a r g i n g   t h e   s u g a r   and  p e a n u t   m i x t u r e   o n t o   t he   m o v i n g  

c o n v e y o r   b a n d ,   w h e r e   t he   s u g a r   c r y s t a l l i s e d .   T h e  

m a t e r i a l   was  g r a n u l a t e d   a f t e r   2  m i n u t e s ,   r o t a r y   d r i e d  

and  c l a s s i f i e d .   The  p r o d u c t   had  a  p e a n u t   c o n t e n t   of  25% 

and  a  m o i s t u r e   c o n t e n t   of  1 . 4 % . *  

E x a m p l e   8  Lemon  F l a v o u r  

A  s u c r o s e   l i q u o r   c o n t a i n i n g   no t   more  t h a n   0 . 3 %  

i n v e r t   and  0 .13%  a sh   a t   67%  s u c r o s e   s o l i d s   was  c o l o u r e d  

y e l l o w   w i t h   a  f o o d   a d d i t i v e   and  t h e n   e v a p o r a t e d   up  t o  

83%  s o l i d s .   The  s y r u p   was  e v a p o r a t e d   and  h e a t e d   t o  

135°C  by  p a s s i n g   t h r o u g h   a  p l a t e   h e a t   e x c h a n g e r ,   b e f o r e  

b e i n g   d i s c h a r g e d   i n t o   t h e   e x t r u d e r   p o r t   s i t u a t e d   3 4 c m  

f rom  t h e   m o t o r   end .   The  w a t e r   v a p o u r   was  r e m o v e d   f r o m  

t h e   e x t r u d e r   a t   a  p o r t   s i t u a t e d   9cm  f rom  t he   m o t o r   e n d ,  

l e a v i n g   a  s u g a r   s y r u p   of  b e t w e e n   90  and  95%  s o l i d s .   Two 

lemon  f l a v o u r s   and  b u f f e r e d   l a c t i c   a c i d   w e r e  

i n d e p e n d e n t l y   m e t e r e d   i n t o   t h e   e x t r u d e r   a t   a  p o r t  



s i t u a t e d   72cm  f r o m   t h e   m o t o r   e n d .   The  two  l e m o n  

f l a v o u r s   w e r e   s e t   to   pump  in  9 3 1 g / h o u r   e a c h   and  t h e  

l a c t i c   a c i d   2 . 0 7   K g / h o u r .   The  e x t r u d e r   was  run   a t   4 0 0  

rpm  d i s c h a r g i n g   t h e   s u g a r ,   a c i d   and  f l a v o u r   m i x t u r e   o n t o  

t h e   m o v i n g   c o n v e y o r   b a n d ,   w h e r e   t h e   s u g a r   c r y s t a l l i s e d .  

The  m a t e r i a l   was  g r a n u l a t e d   a f t e r   2  m i n u t e s ,   r o t a r y  

d r i e d   and  c l a s s i f i e d .   The  p r o d u c t   was  f r e e - f l o w i n g   a n d  

c r u n c h y   w i t h   a  s h a r p   l emon   f l a v o u r   and  a  m o i s t u r e  

c o n t e n t   of  1 . 4 % .  

E x a m p l e   9  I m p u r e   S u g a r  

An  i m p u r e   s u c r o s e   s y r u p   a t   67%  s o l i d s   c o n t a i n i n g  

1 .8%  a s h ,   2.5%  i n v e r t   and  a  t o t a l   s u c r o s e   c o n t e n t   of  92% 

was  e v a p o r a t e d   up  to   83%  s o l i d s .   T h i s   s y r u p   was  t h e n  

e v a p o r a t e d   and  h e a t e d   to   140°C  by  p a s s i n g   t h r o u g h   a  

p l a t e   h e a t   e x c h a n g e r ,   b e f o r e   b e i n g   d i s c h a r g e d   i n t o   t h e  

e x t r u d e r   p o r t   s i t u a t e d   34  cm  f rom  t h e   m o t o r   end.   I n  

t h i s   c a s e   w a t e r   v a p o u r   was  f l a s h e d   o f f   in   t h e   a t m o s p h e r e  

w h i l e   i t   was  b e i n g   d i s c h a r g e d   i n t o   t h e   e x t r u d e r   p o r t .  

The  e x t r u d e r   in   t h i s   c a s e   had  a  l e n g t h : d i a m e t e r   r a t i o   o f  

1 0 : 1   and  was  r u n   a t   250  r e v . m i n - 1   to  d i s c h a r g e   a  f o a m y  

s y r u p   o n t o   a  m o v i n g   c r y s t a l l i s a t i o n   b e l t   a t   a  r a t e   o f  

8 8 k g / h r .   The  s y r u p   r a p i d l y   t r a n s f o r m e d   and  w a s  

g r a n u l a t e d   a f t e r   4 . 3   m i n u t e s .   The  p r o d u c t   was  p u t  

t h r o u g h   a  r o t a r y   d r i e r   and  c l a s s i f i e d .  



1.  A  p r o c e s s   f o r   t h e   c r y s t a l l i s a t i o n   of  s u c r o s e   o r  

g l u c o s e   f rom  a  s u p e r   s a t u r a t e d   s u g a r   s y r u p   i n  w h i c h   t h e  

s y r u p   is   s u b j e c t e d   to  s h e a r   in  an  u n c o o l e d   n u c l e a t i o n  

zone   to  i n d u c e   n u c l e a t i o n   of  t he   s y r u p ,   t he   s y r u p   i s  

d i s c h a r g e d   f r o m   s a i d   n u c l e a t i o n   zone   b e f o r e   s u b s t a n t i a l  

c r y s t a l l i s a t i o n   has  t a k e n   p l a c e ,   and  t h e   s y r u p   i s  

t h e r e a f t e r   a l l o w e d   to  c r y s t a l l i s e   w i t h o u t   a g i t a t i o n .  

c h a r a c t e r i s e d   in   t h a t   s h e a r   i s   p r o v i d e d   by  a  c o n t i n u o u s  

s c r e w   e x t r u d e r   s u c h   t h a t   p r o g r e s s i v e   n u c l e a t i o n   of  t h e  

s y r u p   is   i n d u c e d ,   t h e   s y r u p   h a v i n g   an  a v e r a g e   r e t e n t i o n  

t i m e   t h e r e i n   of  b e l o w   25  s e c o n d s   a t   a  t e m p e r a t u r e   of  1 1 5  

to  145°C  f o r   s u c r o s e   and  1 0 0  -   135°C  f o r   g l u c o s e .  

2.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1,  in  w h i c h   t h e  

e x t r u d e r   i s   a  t w i n - s c r e w   e x t r u d e r .  

3.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  or  c l a i m   2,  in  w h i c h  

t h e   e x t r u d e r   has   a  s h a f t   l e n g t h   to  d i a m e t e r   r a t i o   o f  

f r o m   1 0 : 1   to  1 5 : 1 .  

4.  A  p r o c e s s   a c c o r d i n g   to  any  of  c l a i m s   1  to  3,  i n  

w h i c h   t h e   e x t r u d e r   r u n s   a t   1 0 0 - 5 0 0   r e v . m i n - 1 .  

5.  A  p r o c e s s   a c c o r d i n g   to  any  of  c l a i m s   1  to  4,  i n  

w h i c h   t he   mean  r e t e n t i o n   t ime   in  t h e   e x t r u d e r   is  b e l o w  



15  s e c o n d s .  

6.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   5,  in   w h i c h   t he   m e a n  

r e t e n t i o n   t i m e   i s   2  -   11  s e c o n d s .  

7.  A  p r o c e s s   a c c o r d i n g   to   any  of  c l a i m s   1  to  6,  i n  

w h i c h   t h e   c r y s t a l l i s a t i o n   o c c u r s   on  a  m o v i n g   b e l t .  

8.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   7,  in   w h i c h   t h e   b e l t  

l o a d i n g   i s   f r o m   6 - 1 5   k g  m - 2 .  

9.  A  p r o c e s s   a c c o r d i n g   to   any  of  t h e   p r e c e d i n g   c l a i m s  

in   w h i c h   one   or  more   o t h e r   i n g r e d i e n t s   a r e   i n c o r p o r a t e d  

i n t o   t h e   s y r u p   b e i n g   n u c l e a t e d .  

10.   A  p r o c e s s   a c c o r d i n g   to   c l a i m   9  in   w h i c h   t h e   o t h e r  

i n g r e d i e n t s   a r e   i n t r o d u c e d   s e p a r a t e l y   i n t o   t he   e x t r u d e r .  

11.  A p p a r a t u s   f o r   p r o d u c i n g   a  c r y s t a l l i n e   s u g a r   p r o d u c t  

c o m p r i s i n g   m e a n s ,   i n c l u d i n g  

a)  an  e v a p o r a t o r ,   f o r   s u p p l y i n g   a  s u p e r s a t u r a t e d   s y r u p  

of  g l u c o s e   a t   100  to  135°C  or  s u c r o s e   a t   115  to  1 4 5 ° C ,  

a r r a n g e d   to   s u p p l y   t h e   s y r u p   t o  

b)  a  c o n t i n u o u s   s c r e w   e x t r u d e r   a d a p t e d   to  p r o v i d e   a n  



a v e r a g e   r e t e n t i o n   t i m e   f o r   t h e   s y r u p   of  l e s s   t h a n   2 5  

s e c o n d s ,   a n d  

c)  a  c o n v e y o r   a r r a n g e d   to  c o l l e c t   s y r u p   e m e r g i n g   f r o m  

the   e x t r u d e r   o n t o   a  f l a t   s u r f a c e   and  to  c o n v e y   i t   a t   a  

s u b s t a n t i a l l y   c o n s t a n t   t e m p e r a t u r e   w h i l e   c r y s t a l l i s a t i o n  

p r o c e e d s .  

12.  A  c r y s t a l l i n e   s u g a r   p r o d u c t   p r o d u c e d   by  a  p r o c e s s  

a c c o r d i n g   to  any  of  c l a i m s   1  to  10  or  u s i n g   a p p a r a t u s  

a c c o r d i n g   to  c l a i m   1 1 .  
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